Scattering Through QCD Sphalerons by Zahed, I.
ar
X
iv
:h
ep
-p
h/
02
09
03
4v
1 
 3
 S
ep
 2
00
2
1
Scattering through QCD Sphalerons
I. Zahed ∗
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State University of New York, Stony Brook NY 11794-3800
Diffractive parton-parton scattering in the soft pomeron regime can be explained by
the production of a QCD sphaleron. Sphaleron production results into the emission of
3 + 2NF gluons and quarks. At RHIC we expect many sphalerons to be released thereby
affecting most prompt processes.
1. Introduction
In perturbative processes gluon production is coupling constant suppressed. In instan-
ton induced processes gluon production is suppressed by the smallness of the tunneling
parameter κ. Diffractive parton-parton scattering at large
√
s ≫ √−t receives a sub-
stantial contribution from instantons [1,2]. The soft pomeron intercept is proportional
to κ ≈ 10−2 giving a simple explanation to its smallness. Instanton-induced diffractive
scattering does not account for the odderon.
A semiclassical description of parton-parton diffractive scattering in QCD can be achieved
using singular gauge configurations (Landau method). The singularities are essential in
interpolating between a vacuum configuration with zero energy and the escape configu-
ration with finite energy Q [3]. In the semiclassical approximation, the cross section rises
due to the initial increase in the gluon phase space, and falls due to the lack of overlape
between the initial and final state. The maximum takes place at the sphaleron mass
MS = 3π/4αρ for a fixed size ρ. Typically ρ ≈ 1/3 fm with MS ≈ 3 GeV.
2. Singular Yang-Mills
For large energies Q ≈ 1/T or small Euclidean times T/ρ ≪ 1, the singular gauge
configurations simplify. For O(3) symmetry in the Euclidean time interval |t| ≤ T/2, the
gauge configuration is (temporal gauge)
Aai (~x, t) ≈ (δai − nani)D(r, t)/2r + naniD(r, t)/2r (1)
where ni = ~xi/r is a unit 3-vector, and |~x| = r ≥ 0 a radial variable. D(r, t) is continuous
and differentiable everywhere, except at r = 0 for t = ±T/2 where it is singular, i.e.
D(r,±T/2) = −4ρ/r. At the escape point t = 0, the gauge configuration reads
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2D(r, 0) ≈ 4ρ r
r2 + 0.763 ρ T
(2)
with radial energy density (λ = (Q/MS)
1/5)
Θ00(r, 0) ≈ 4π
g2
24 ρ4 r2
(r2 + λ2ρ2)4
, (3)
that integrates to Q. The tunneling time T relates to the energy Q through T ≈ 1.3/λ2ρ.
The Chern-Simons number at the turning point is N = λ2/2. For Q > MS the initial
configuration follows from the sphaleron by a simple rescaling of the size ρ → ρ/λ and
the energy density Θ00 → λ4Θ00.
3. Outgoing Gluons
At the escape point, the gauge configuration (1-2) undergoes an explosive evolution in
Minkowski space [4]. The large time asymptotic of the transverse gluon field in Lorentz
gauge admits a normal mode decomposition
Aai (t, ~k) =
(2π)3/2√
2k
(
λmi (
~k) bam(~k)e−ikt + λmi (−~k) bam ∗(−~k)e+ikt
)
(4)
with 2 real polarizations,
λmi (
~k) bam(~k) =
ρ
g
√
π k
(−iǫaij kˆj J(kρ) + (δai − kˆakˆi) J ′(kρ)) , (5)
and
J(kρ) = 2Re
∫ pi/2
0
dy eikρ cotan y
(
1−
√
2
cosh(
√
2 y)
)
, (6)
at the sphaleron point. The ensuing gluon multiplicity for all λ’s is
n(k) ∼ λ4 8kρ
2
g2λ2
(
J2
(
kρ
λ
)
+ J ′
2
(
kρ
λ
))
. (7)
and is displayed in Fig. 1 for λ = 0.5, 1, 2. At the sphaleron point, it integrates to about
3 gluons.
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Figure 1. Density of emitted gluons for λ = 0.5, 1, 2.
4. Outgoing Quarks
The solution of the Dirac equation in the explosive sphaleron background in Minkowski
space is involved. However, the O(3) zero energy states can be obtained exactly by
conformal mapping [5]. The result is
Q+(t, r) =
C
((t+ iρ)2 − r2)2 ((ρ− it) + i~σ · ~x) e
−2F (ξ) U+ , (8)
with F (ξ) a smooth complex function. Fig. 2 shows the time evolution of the quark
density in space after the explosive production.
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Figure 2. Quark scalar density at different times.
A normal mode decomposition allows for a spectral analysis of the final quark states
released by the sphaleron. Using the free field decomposition asymptotically,
4Q+(t, k) =
(2π)
3
2√
2k
(
qR(~k)e
−ikt + q†L(−~k) e+ikt
)
, (9)
where qR,L refer to right-left handed chiral quarks,
q
†
R,L(k) = 2ρ
3
√
k
π
e−kρ (1± ~σs · kˆ)U∓ . (10)
The chiral density of left antiquarks and right quarks are opposite asymptotically
nR(k) = −nL(k) = 4π k
2
2k
|q†R(~k)|2 = ρ (2kρ)2 e−2k ρ . (11)
The distribution integrates exactly to one produced quark, in agreement with general
spectral flow analysis. The quark spectrum is close to Planckian with an effective tem-
perature T = 2/ρ of about 300 MeV for a standard ρ = 1/3 fm. The released quarks
carry asymptotically a total energy MF = 3/ρ, which is small in the weak coupling limit,
i.e. MF/MS = α/π ≪ 1.
5. Conclusions
Diffractive parton-parton scattering through QCD sphalerons produces about 3 gluons
and 2NF light quarks. The production is explosive and occurs on a natural tunneling
time scale of order ρ ∼ 1/3 fm, with a typical energy release of about 3 GeV. In pp
scattering we expect about 1 sphaleron to be produced, while in NN scattering in the
RHIC regime we expect hundreds of sphalerons to be released. Clearly these strongly
coherent chromomagnetic fields should affect most of the prompt processes at RHIC (see
E. Shuryak talk in this meeting).
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